An automated spectrophotometric (AS) method was used to evaluate the growth-promoting ability of yeast extracts (YE) on cultures of Lactobacillus acidophilus and Lactococcus lactis subsp. cremoris. The AS data were compared to that obtained from classical shake flask fermentations and from 250 ml bioreactors equipped with pH control. In assays involving the evaluation of 26 different commercial YE, maximum growth rate (m m max ) values determined with the AS unit ranged from 0.25 to 0.45 h ؊1 for Lb. acidophilus and from 0.10 to 0.40 h ؊1 for Lc. cremoris. Good correlations were obtained between AS data and manual sampling from the shake flasks or the bioreactors for m m max , as well as maximum optical density (OD max ). The AS method is thus useful as a screening tool for the selection of YE lots in media formulation. Species reacted differently to the 26 YE, but less variation was observed between strains of the same species. This suggests that a producer of various lactococci or lactobacilli can expect a relatively constant response to a given YE lot between strains of the same species. However, it should not be assumed that the YE having the best growth-promoting properties for Lb. acidophilus will also be the best media supplements for the growth of Lc. cremoris.
Spectrophotometry is a tool that can be used to follow the growth of microorganisms in media and foods (Begot et al., 1996; Mattila, 1987) . Correlations between optical density (OD) and bacterial colony-forming units (CFU) in fermented media have been established, though such correlations are valid only within a certain OD range and need to be established for each strain (Begot et al., 1996) or for a given growth medium (Venus et al., 1992) . Although spectrophotometry is less labor-intensive than viable plate counts or dry weights in determining the growth curve of microorganisms, it still requires manual samplings, and an operator can only realistically evaluate 10 media per day with this approach. Automated spectrophotometry (AS) enables the simultaneous evaluation of 100 media and thus significantly increases the output of the laboratory. AS was used successfully to evaluate the effect of different yeast extracts (YE) on growth patterns of Lactobacillus plantarum in replacement of shake flask assays (Potvin et al., 1997) . However, the AS methodology used suffered because the media had to be diluted before being added to the AS plates.
This study aims to develop AS methodologies to replace labor-intensive manual samplings of shake flask fermentations to evaluate the growth-promoting properties of YE. We report an improvement of the Potvin et al. (1997) strategy in which the entire medium is not diluted, whereas only YE levels are specifically selected for the AS analyses. The method was used to determine the growth-promoting abilities of 26 commercial YE on cultures of lactococci and lactobacilli, Evaluation of yeast extracts as growth media supplements for lactococci and lactobacilli by using automated spectrophotometry and also to determine if lactic cultures react similarly to the stimulatory properties of YE. ) cultures, were kindly provided by D. St-Gelais (FRDC; St. Hyacinthe, Can.). The lactobacilli were grown on MRS broth (Difco), and the lactococci were grown on 11% rehydrated skim milk (Crino, Agropur; Granby, Can.) supplemented with 0.2% yeast extracts (Oxoid) sterilized at 115°C for 10 min. The mother cultures were prepared by mixing 25 ml of 20% skim milk with 25 ml of a 20% glycerol solution and 10 ml of a fresh culture, and freezing at Ϫ70°C in 1 ml sterile cryogenic vials (Nalgene, Rochester, NY). The inocula were prepared by adding 1 ml of a thawed mother culture to the appropriate growth medium and incubating at 37°C (lactobacilli) or at 20°C (lactococci) until its pH reached 4.6-4.9.
Materials and Methods

Biological. Lactobacillus acidophilus
Yeast extracts. Twenty-six commercial yeast extracts were obtained from 11 different suppliers: Acumedia (Baltimore, MD), BBL (Cockeysville, MD), Biospringer (Maisons-Alfort, France), Champlain (Mississauga, Can.), Difco (Detroit, MI), FIS (Markham, Can.), Lallemand (Montréal, Can.), Merck (Darmstadt, Germany), Oxoid (Basingstoke, UK), Sigma (St. Louis, MO), and Red Star (Milwaukee, WI). Some products were designed for the supplementation of microbiological media, but many were instead destined to be used as food flavor ingredients.
Media used in the spectrophotometric assays. The base medium for the lactobacilli had the following composition, per liter of medium: 20 g glucose, 3 g K 2 HPO 4 , 3 g sodium citrate, 3 g KH 2 PO 4 , 1 g Tween 80, 0.2 g MgSO 4 · 7H 2 O, 0.05 g MnSO 4 · H 2 O. Unless otherwise stated, YE were added at 2 g/L (maximum OD) or 5 g/L (maximum growth rate) for the AS analyses, and at 5 g/L in the shake flasks. For the fermentations carried out in external pH control in the 250 ml bioreactor, the medium was the same as the one used for the AS assays, except that glucose and YE were added at 50 and 10 g/L, respectively.
With the lactococci, the base medium was the same as for the lactobacilli, except that (1) it also contained 3 g/L of mono-ammonium phosphate (Mallinckrodt), and (2) glucose was substituted by lactose. YE was added at 5 g/L for the AS assays.
Fermentation conditions. Fermentations were performed in shake flasks and in 250 ml bioreactors. As a control method, cultures were prepared in 250 ml Erlenmeyer flasks containing 100 ml of sterile medium. This represents traditional fermentations with internal buffering agents (phosphates and citrates). For the lactobacilli, the flasks were incubated at 37°C with agitation (150 rpm; LabLine Instruments, Melrose Park, IL), and the lactococci were cultured at 30°C without agitation. Some fermentations with the lactobacilli were carried out under external pH control (6.2) in 250 ml bioreactors, consisting of Bellco (Vineland, NJ) m-Carrier spinner flasks, by using 5 M NH 4 OH as a neutralizing agent. Agitation was set at 50 rpm.
Spectrophotometric analyses. The AS unit, Bioscreen TM , was purchased from Labsystems Corp. (Helsinki, Finland). Sterile media having various YE were prepared in flasks and inoculated at 1% from a fresh culture, and 350 ml samples were placed in the wells. The plates were then installed into the Bioscreen incubation chamber and the experiment was initiated. Incubation temperatures (30°C for lactococci and 37°C for lactobacilli), shaking frequency (20 s at every 10 min) and intensity (low), wavelength (600 nm), time of fermentation (18 h), and OD reading frequency (10 min) for several preselected wells were set automatically at the beginning of the run. Noninoculated wells were also used in the Bioscreen to estimate the baseline of each condition. Quadruple replicates of a given condition indicated that results were reproducible within 5% on the AS unit.
Fermentations carried out in the shake flasks required manual sampling and OD measurements. With these samples, biomass in shaker flasks was monitored through OD measurements at 600 nm on a Beckman DU-7 spectrophotometer. If values of more than 0.8 in OD were recorded, samples were diluted to give an OD reading from 0.2 and 0.8, and values were corrected for their dilution factor.
Other analyses. The pH was read on a Corning 140 meter. The biomass (OD) values in shaker flasks and with the AS system were transformed into ln values of biomass and plotted against time for the exponential growth part of the curve (Sigma Plot software, Jandel, SPSS, Chicago, MI). Three independent replicates were carried out for each fermentation, and the data are the average of these three assays. The slope of the curve, giving the maximum growth rate (m max ), was obtained by a simple linear regression. Viable counts on samples taken from fermentations under pH control in the 250 ml bioreactors were obtained by plating appropriate dilutions (0.1% sterile peptone) in MRS agar (BDH).
Results and Discussion
In a previous study, Potvin et al. (1997) diluted the entire growth medium when adding the samples to the AS microplates. This made it possible to keep OD readings less than 1.0 in the linearity zone of the analysis. However, not only were the growth factors diluted by this procedure, but so were the ionic strength and buffering properties of the medium. Attempts were made in this study to keep all conditions constant except for the YE.
Effect of yeast extract concentration in AS assays
The basal medium did not enable growth of Lb. acidophilus in the absence of YE (Fig. 1) . This was also the case for the lactococci because maximum optical density (OD max ) readings in absence of YE remained under 0.2. Therefore YE was the limiting factor in the growth of lactic cultures.
The response of Lb. acidophilus EQ57 to YE concentration is seen in Fig. 1 . Growth rate and maximum biomass levels were both increased by raising YE concentrations. Fermentations with Lc. cremoris Wg2L gave similar patterns (data not shown).
Little difference was found between growth rates and OD max in media supplemented with 10 or 15/L of YE. Thus the use of these concentrations would not enable a comparative evaluation of the biological activity of the commercial YE, since the YE nutrients would have been in excess. For Lb. acidophilus EQ57, it was determined that media having 2 g/L would be used to evaluate OD max levels and 5 g/L would be used to determine the effect of YE source on m max . A lower concentration of YE was used to evaluate OD max because of our concern with the nonlinearity of biomass-OD relationships over OD values of l.0. In Fig. 1 , the OD max values at 2 g/L would be from 0.5 to 0.6 at 600 nm for this particular commercial YE. Thus conducting analyses in media having 2 g/L of YE enabled the detection of YE with various growthpromoting properties in an OD range having a linearity between OD and biomass. Obviously a concern with such an approach is the value of results (at 2 g/L YE) in predicting the biomass that would be attained in fermentations on richer media. This critical aspect was examined, and data are presented later.
With the concern of developing an assay medium that would be as close as possible to the industrial formulations, YE concentration was raised to 5 g/L in determining the effect of YE on m max with AS. The use of a higher concentration of YE (5 g/L) for m max determinations in fermentations with Lb. acidophilus EQ57 was done because m max is recorded in the initial portion of the growth curve. Thus OD values used for m max determinations at 5 g/L were always less than 1.0, though some OD max values were above this threshold. Figure 1 shows that the growth rate is not maximum at 5 g/L, which again enabled a comparative analysis of YE growth-promoting value.
This approach was also applied to Lc. cremoris strains, and a YE level of 5 g/L was found to be appropriate for the determination of m max and of OD max .
Effect of yeast extract concentration in flask fermentations
Fermentations in flasks were also conducted with various levels of YE (data not shown). It was concluded that a medium containing 5 g/L of YE would be used to estimate the growth-promoting properties of various YE for m max and for OD max . In samples having OD values above 1.0, dilutions were carried out before final OD determination; this was not possible in the AS unit.
Effect of yeast extract source
In the absence of YE in the base medium, m max remained under 0.05 h ; Bibal et al., 1988) . This is a reflection of the methodology used where suboptimal levels of YE were added to the medium to better compare the growth-promoting properties of the 26 different YE products. They are in line, however, with those of Lb. acidophilus (0.24 h
Ϫ1
; Liu and Moon, 1982) .
Automated VS manual spectrophotometric analyses
OD max and m max values obtained with AS assays and manual spectrophotometric analyses of samples taken from the flasks were examined for relationships in fer- mentations with Lb. acidophilus EQ57 and with Lc. cremoris strains HPL and Wg2L (Table 1) . These results confirmed those previously obtained (Potvin et al., 1997) , which demonstrated the usefulness of AS assays in replacing manual sampling and OD determination from shake flask fermentations. The results also extend this conclusion to Lc. cremoris and Lb. acidophilus cultures, besides Lb. plantarum used in the Potvin et al. (1997) study. Wider variations appeared in the effectiveness of YE in promoting growth of Lb. acidophilus EQ57 than with the lactococci. It is noteworthy that the lactococci used in this study were Prt Ϫ strains. These strains were selected to better evaluate the nitrogen content of the YE. Thus strains Wg2L and HPL could not use proteins in the YE and could rely only on free amino acids and peptides in the products.
Value of AS analyses in predicting data of fermentations under pH control
Following the AS assays, seven YE were selected for fermentations in pH control on the basis of their growth-promoting abilities in the AS assays. Thus products having high, medium, and low apparent biological activity in the AS data were chosen for the fermentation assays.
As mentioned previously, the YE contents of the media used for the AS analyses (2 or 5 g/L) were lower than those used for the fermentations under pH control (10 g/L). The use of 10 g/L of YE for the pH control fermentation was aimed at providing conditions of very high growth that would be used under industrial conditions.
The m max values were approximately 33% lower in AS assays than with the fermentations conducted under external pH control. OD max values in AS data were 5 times lower than those in fermentations, and this is probably a reflection of YE concentration and the use of external pH control in the 250 ml bioreactors. Nevertheless, the AS data were useful in predicting the biological value of YE because R 2 values were high (Table 1) . These high correlation coefficients suggest that the methodology employed in this study constitutes an improvement over the previous study where the entire growth medium was diluted for the AS analyses. The relationship between AS OD max values and bioreactor CFU/ml population was significant, but it had a low correlation coefficient (R 2 ϭ0.65). Although not as good for predicting CFU/ml populations in a bioreactor equipped with pH control as for predicting its OD max , the AS data still enables a fermentation industry to select the best YE for its purpose.
Effect of strain
There are great differences between strains and species of lactic acid bacteria with respect to survival during freezing and drying (Font de Valdez et al., 1985a, b) . It was thus of interest to examine if similar variations between species and strains occur in their responses to YE supplementation of the growth medium. This is obviously a question of interest to laboratories or plants (starter producers or dairy plants) that propagate different lactic cultures.
AS evaluations of the 26 YE were carried out with Lb. acidophilus HLC, which was previously done with strain EQ57. Values of OD max and m max obtained with each strain of Lb. acidophilus and of Lc. cremoris for the 26 YE were compared.
Relationships exist when m max and OD max data were compared between strains of the same species (Tables 2 and 3). However, no correlation was obtained when data from different species were compared. This suggests that a producer of various lactococci or lactobacilli can expect a relatively constant response to a given YE lot between strains of the same species. Nevertheless, it should not be assumed that the YE having the best growth-promoting properties for Lb. acidophilus will also be the best media supplements for the growth of Lc. cremoris.
Suppliers of yeast extracts for microbiological pur- poses (Difco, Oxoid, BBL) sell excellent products that were always among the best tested in this study. However, these products are expensive, and fermentation industries could find it worthwhile to examine other suppliers if quality evaluation is possible with a methodology such as the one described in this study. This approach could also be used for the evaluation of other components of growth media, such as peptones. Fermentation optimization could be species related, since this study also shows that products effective for the lactococci are not necessarily good for the lactobacilli. 
